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ftlS<7>fi*t?7 ft * — o <7)ft (^ffft&ya-ft) T- tS * d h §4^)T\ $ * 
* ft & # tc £> ■£ tz 3 iX7Ctt*6*tf «k: c t **T'§ , v^v^ ftffl^tcfflv^ Kt* 1 
T'lli. 

[ 0 0 7 9 ] 

Aifi • R # • Ja i: ft IS ft £' <r> SIM ft IS It * ^D'M h*^*7 >-^u<oi;^0l:L, 
*> £ vMi x v> < o ^ v > - 7 n tc iff fe<r> m WL W #^ 4- £ 5 z t tc «k o T ft S 3 fc»T* 
§ § o 3 ti <b cr> ft ^ & ? a v -i K ft It cr> — 8? *» 9 N ?o'7^*W7t-7n^ffluT 
ilT'l §o Lf:i)*oT> ^*<7)N C <r> £ 7 tc . IftH • P3 # • g iftH^tC J: o TlQMi" 
5 ^ *■ - v -v h ^ T IX 9 7 ti ft < . ^i:7t-vn*fflv^TttlLfc^ M 

[ 0 0 8 0 ] 

* x a ifcli^v^fil^lsf t 0 tl< 3 tic ioT, 2iX7C^o F^fHc 
ti s T'^^T\ 3 fl * T 2 iX 7€ ? a V -f K tc o T ~t X tc % h fl X M M ~% M ~t & 
Z t ft* T* § S o 
[ 0 0 8 1 ] 

f ft *> . fffik:*n^nTv>S2iX7C^nv>fH%^«>"C. P3 # ^ (ft H ft t -co m SU <^> ft & 
«tx a ^ t t£t ^. 3 i: TilT' § I. , 3 co J: 7 ft ®8U ft Jjtlc o T Is] — co fit 

3 )X7U 7D'MF ft*ftj^*fflv^s z i: So 
[ 0 0 8 2 ] 
(d) II L<^R$ 

ftjkuu - n<r>*n?n&&m.-?z Z t tc Z o tbU^#^tc^#:fi tlESt§ 
[ 0 0 8 3 ] 

7 d 7 -f F flit LTiSL fc^iWk:*ft^ • Jt*ft^l«l • ft*#^«tiK^a t ft o 

Tfc^. ^*<7>fflflvi<^ J: 7 tC . do «b fec^)T Ifit S'&^fc*ft V^ 0 -f ft ^ *, . ft*ft<^^9 
> - ? S tcMltv L T . (7) , (20) JkV (26) sUc^-f «k 7 tc . ftH<^}i^^ x ^ijift, ft^*»[ft 
Jt» tc 7j<#> «b ti-5 o z<r>ztl$.'&m^Zft<g.mfflft&\z%frdt)XifM%ft®L-?&Z. Z 
7) ; t ic J: o T , ^:iHictfS^fM*®iWIL. > t - ft tco WM*Wm~t & z t jb*T- % . 

[ 0 0 8 4 ] 

NC^nlicteviT, II figftcT) M/Jn ft % It M ^ ft m & X 3h *) , x^9>f>1SWft^ 
T t± C fl % ^ *> -5 cn \z ffi i J ft ff S * g -f % . 7^ n V >f H T* It — & tc -b r > -> h r t tc It 



[ 0 0 8 5 ] 

Mt^fff wl't^Ig t §^ iz ^db h ii. MMMiUlzfcc rzUffl-Zifi z h 
(6) ii^)4^t§^-7 

^Itlc «k fttt 3 YKft 9 n v K ft *ft ^ > - ? ^ft^lc & i?-tI^Wii ^ 4? 0 

mi it, 3 iX7C * n y Hffi8^)§^'7 > — ? <?> ffe H ^ £ iiftfct^T'J)^, 
[ 0 0 8 6 ] 
[ft 1 ] 







Po 




h 




ao, bo 




ai, a2, bi, 
b 2 





[ 0 0 8 7 ] 

2 . 3 YK ft 9 ^ 7 >f H Eft & tc Jc £ fc§ M v£ 
( 1 ) Y#<b m<7>®l¥%ll&ft 

tc J: l>IMf)M®iiiJit±^ @ © i: LT, 3 1X7C * n vM H ft Jf$ ( 3 ft ? a v >f H -b r 
> > h ) M L . 3 <7>^®C*<7> 3 }^7U ? n V -f H -fe 7 > > h (C J: o TlM^Ii 

* ftj W ~t Z . 
[ 0 0 8 8 ] 

2 *<7) 3 }^7U ?DV^H ft*6*** <7>5N3j&-?vt<b *Mcj£ic£ tlTv^ § d i: li . ^nj^fig. 
Jg^fc £ ^ft^^il^tc Jiic2 tiTv* T?*>S Sift 2 *iSo iij&^Sfsit^ffli^T 

. ZcD^ftlt. IXT<7> «fc 7 icfeM2 il*. 3 jUHSH^aH^tt. <X</> 2 *U±Jt*ft*> 

iXtf>ljSl±v£ M^^itlift*^3i^'l4^^ t Tv^„ 

[ 0 0 8 9 ] 
[» 2 2 ] 

Px,(\) = Px M (0) 
Py l (D = Py M (0) 

a,(l) = «, + ,(0) (26) 
A0) = A +1 (0) 

tanr ( (0 = tan Y;+] (0) 
jc,(1) = * i+i (0) 

[ 0 0 9 0 ] 



[ 0 0 9 1 ] 
[K23] 

/*x,(l) = ^ (+! (0) 
7'j i (l) = J Py I+1 (0) 
/>z,(l) = />z, M (0) 

cos[a,(l)-a, +1 (0)1 = 1 (27) 
cos[#(l)-/? 1+1 (0)] = l 
tany,(l) = tany, +1 (0) 
*-,(1) = k-, +1 (0) 
[ 0 0 9 2 ] 

[ 0 0 9 3 ] 
[12 4] 

cos[a,(l)-ar i+I (0)] = l 

[ 0 0 9 4 ] 

T'i>5: i: ^ ^ JS [C ii £ i: 
[ 0 0 9 5 ] 

im 2 5 ] 

tany ( (l) = tariY,, 1 (0) 
[ 0 0 9 6 ] 

a . r le <t> * ft t- ^ § » ^ ti o 

[ 0 0 9 7 ] 
[12 6] 

tany,(l)= tany, () (0) 

a',{\) _ a'^(Q) 
/?',(l)cosa,(l) ^ i+1 (0)cosa j+1 (0) 
v «' ( (l)^ +1 (0) = a , ,.,(0)/? , ,(l) 
[ 0 0 9 8 ] 

rie<^* ft^ ft £ -tt # @ © ^jt/^i- £ z t & m, * & d t *> s o 

[ 0 0 9 9 ] 
[12 7] 

fic,(l) = ftc M (0) 
Pz i (l) = Pz in (0) 

cos[a ; (D-^,(0)] = l (28) 
cos[/?,0)-A +1 (0)] = l 

«;(i)^,(0)=«r; +1 (o)A'(i) 

K-(l) = /r /+1 (0) 



[0100] 

2 3 )X7t ? o v A Y mmb**<n%t&-? (28) ^7 o^^frit^ifct^f 
[0101] 

G 2 Mm ( G a Geometry^ MJC^) ico^Tl^t^. 13 5 ti G 2 il^ffif^^fr^r 
[0102] 

G 0 jgmt It 2 ^co 3 Kit ft ^^^TfiH^-Si- § c t fcv*u, G 

1 ii^c t aii^i^^-at^ c t ^i^. g 2 mm t itmm^m c^m) jkvmmt>*- 

n V ftiTfflu G 0 - G 2 jg^i: ^^ttb-t^o 

[0103] 
[H2] 













G 2 :^ftfe¥S(*fei&h 



[0104] 

2 3 )^7U ? o <; >f H ^m^mm^^ 2-tz tBiz. C ° — C 1 — C 2 . G ° — G 1 

— G 2 IC £5 iZ Lfzl3*r>Xmffl%:flr1)*m L < 45« C 1 51 }f ft <?) ± § £ & 7} ft ^ - 

-1 => > ffi^<7) j: 7 tc C 1 3i^T**fr^^fP^i--S i: . StM^ffJ ic tt W & ?f*l<7> ± 
[0105] 

g 2 mmxitmm^m ($£«q jif^s^ as 6 ic^sns £ 7 tca&t 

C^Hplr^lc^itiSf ES 1 , S2^ui. 3 <t> 0 6 T* li & P \z is u x }# B. ~H ft ^ 

T-^^^ifttTBs 1 , s 2 ij^mm^m^^ uv^„ 3 )X7cft^<^aMtt^#^^ ^ 

S m?j ft <?) — gc co )X iz % & rt *i v^t tc ^ z t it m ft* ¥ ffl <J0 — £> § o ft * ^ 

itl^i"^ i: § tc tti«f S^-SLTu^v^ i: < . flttfS^-S^ ±. T ft 

*^-K^^*Si^5. 2 *<7> 3 ^7uft^T*. MfiL ttf^rSK Jlttfi (vS^^JfS] 
) &Vffi*££-S:<? -t±§ c i: ?b*G 2 3l^^iM^-t*frlc^^,o 
[0106] 

( 2 ) M^&ffS^JUK 
[0107] 

(i)lttt^^>-?li,o 1 ^4i"t, l:£tf> 3 iX7C ? n vM K ft*6*IE££ <^ 
7 ic L T , )X ^ t vt ^ ^icfi^-t § 3 )^7U ? n v -f h' tfij!^^%4i §4. c 

- t ItX # >5rv^„ 
[0 1 0 8] 

(b)T-#>J££3 tl/c^g¥*»ft^^>m^^t J: 7 lc. 3 /^tu tt^^tfMi- 
( ^ n v K -b r > > N ) tff(St«. C^Jf^tctt. (28)^*Sffc-t «k 7 icftifift^ 



[0109] 

\zfej&it$ *i£ . 

[01 10] 

5fe%a => > - 7 : ft |g m ^ > — 9 

ft : (2 8) . *>S vMi* — SB 

*£n^ 7 > - 9 t LXWtfe-ttilt <k v^o 0!l£i£. ft ^^ii^ctt a*^ j|< $ ft 4 v^iS \z it . 

tiTv^Jf^-lc li. *i Wtcffli* * 3 YKJt 9 n V >f H [ft *& <?> & £ # §IHc «k 9 Jf^ L 

[0111] 

m<7)f6K^iEtt . 3? % il . **n ^ => > - 7 tc o u t £ 9 & v^SBM fcK^"* 

#*tfflft«u W^a:*!^^^^ >r ft 3^7u^a 

[01 123 

fci^u, mrz-t^B^^i^f¥^-^nzmrz-t^X'it^< . myk& ltv^ < 

o<7)STE P ic^H+T. KBiXUff-t*. USTEPi: L T ft B'Ht 38 t JfH^ft 

£ J: 7 icjifffl Lf;tT\ I2STEP tLTSi^l«I^-S(t* J:7lcfflK*tTV^ 13 

STEPTfl^^-stsiiici^t^. ;:<7>^$£<7mft*>«g*ig 7 tie-*. <&^£ 

[01 13] 

( 3 ) ?n'HF ftiffcfcfflv* /cfflP^vS<7)^m#iJ 

HfflfiBtDf^o mmiz j: o t£/&2 tis mum 3 #C7U * u v >f k ft& t 0 v. 

[01 14] 

tr>>F^§^7> - ^ ^*^n®( t l . mmizmmn^^^m *> . g 2 3i^ 1 4 

[01 15] 

( b ) g 2 mffi*ttm<7>ikft- 

Zftjt? n v >f KiBtbv^T, «fBk:1tWW^^^*ffl 9 * ^ o G 2 1I^ i: * £ «fc 7 * 
[01 16] 

WmtcSoco^P^i Pip Pyj, Pzj}, P 2 ={ Px 2 . P y 2 • P z 2 } > Ps=( Px 3 . Py 3 . Pz 3 
} *) . fw^4m7u^vn*tri>hT-Mt$:htfi5. 0 9tt^Pi. P 2 
. P 3 ^3^tl * n V >f K ffif B ^^to ^Pp P 2 M*«S^ft*ft*ttJl6C 1 . ^P 2 . P 3 ^^*S^ 
ftitffiiCjht^^ c <^Jf ^-*^n?Sa . tt^CjCO^ ^ > - ^ aOp alp a 2 p bOpblj 
. b 2 p hp ftJj6C2<^^ ^ > - ? a0 2 , al 2 , a2 2 > b0 2 , bl 2 , b2 2 , h 2 <JOl4Mt^r^»o * Tz 



[01 17] 

T 2 o 60 |+ 7 ill ^ ») o . * o T li . * P 2 T* It H lc o U T 3 o </> 3 ffi X £ 

o «k 9 ^fr^li^-tfT 1 0 fH£>£o L^L. c ft-?li**n& 1 4 Mlctt LT . 
t) s 1 OlU^feL^i^T'^SliwS^lftli : tij'T'fii^ f :t\ * flf 3£ IC 

5$ Jc *) ^ * c t £ <?> T- & i: L X $k t> ft v^c t L <> JilT\ #*tticov^ 

[01 18] 

£i\ fig^^ftMC ov^T £ t . (1-1) (1-2) (1-3) 5*J: »K TE^So^ft 1 ^ 0 

[01 19] 
[128] 

fx, +h, ^cos(aQ l +al l S + a2 l S 2 )cos(bO i +b\,S+b2,S 2 )dS-Px l+i =0 (1-1) 

+h,f a cos(« 0, + «1, S + a2, S 2 ) sin(60, + b\, S + 61, 5 2 )<K -Py M =0 ( 1 - 2 ) 

ft, £(-sin(«rf), + a\,S + a2,S 2 ))dS - Pz i+{ = 0 (1-3) 
[0120] 

iXlCx m MJ]fi}lz^\^X ^ z. & t (1-4) (1-5) <?> 2 o<30^^*^ 9 io„ 
[0121] 
[S2 9] 

cos(«0, + «1 , + a2, - a0, + , ) = 1 ( 1 - 4 ) 

cos(W), +h\ i +b2 i -M) 1+l ) = 1 (1-5) 
[0122] 

[0123] 
m 3 0 ] 



*-,(l)-*-, +1 (0) = 0 (1-6) 
[0124] 

fi^lc vi^^fo] -* ? V 'inlcov^Ttx^. 3}^7U ? n V >f K ft Jjft <7> ^ *ft ~* ? h 'Mli* 
( 2 1 ) it T ft cf ii £ o 
[0125] 

in^tiTA^. mmmm^m (1,0,0) icwlt, #j»i?**&;fr6i*£Str *8!v*t (0, 

c 0 s r , - s i n r ) TJ^tktS. 3 tl * i: |gj D «k 7 k: 0i $ tt £ i: x v£ ftn \t & ( 1 -7) 



[0126] 
[83 1] 



n(S) 



(1-7) 



cos -sin/?(S) 0 cosQr(.S') 0 sinc^S) 0 

sin cos /3(S) 0 0 1 0 J cos ^ 

0 0 1 -sina(.S') 0 cosa(S) (-sin/ 

— sin y cos j3(S) sin ar(.S) - cos y sin /?(«S) 
sin y sin /?(.!?) sin a(,S) + cos 7 cos /?(£■) 
-sin j Kcosa(,S') 



[0127] 

(21) (1-7) ^%it«-t* fcx sinr . cosyti (1-8) s^lc jrtJtJ L T 03 3 t fc»t> ^ -5 



[0128] 
[832] 



sm ^ = 



cos^ 



V«'(S) 2 + P\S) 2 cos 2 
/?'(S)cosa(S) 



■yja'(S) 2 + P'{Sf cos 2 a(S) 
[0129] 

o * »> x 5* (1-8) Jc 0 . 3^7U ?DV^H 
li t an r iSMT*«btilJJ;v^ z i: 

[0130] 
[833] 



(1-8) 



tan / - 



/3'(S)cosa(S) 



[0131] 

[0132] 
[834] 



(1-9) 



# l± x it ( 1 - 1 0 ) T 3h § Z t -h*£> 



tan /,(!) = tan ^ +l (0) 



(1-10) 



[0133] 
[0134] 



m 3 5 1 



cos[«,(l)-ff, +l (0)] = l (1-11) 
[0135] 

C t ^%JSlCU*l£ t^rfr^ (1-10) Tie^^frit (1-12) T-g§ix. <b tl^o o 
* 0 . *ftilif^-e £> -5 * li ( 1 - 1 2) 5^ ? *> -5 . 
[0136] 
[S3 6] 

a',(l)/7 , , + ,(0) = a' f+ ,(0)/7',(1) (112) 
[0137] 

(1-13) <^ J: 7 £ & § C i: fc> -5 . £ tz . bu&i • J&j&k: :te^T&Z*l<b<7>7 <b<7>u < 

[0138] 
[» 3 7 ] 

Px,(l) = /'x J+l (0) 

Py,0) = ^ + ,(0) 

7>z,(l) = Pz (+l (0) 

cos[flf,(l)-ar I+I (0)] = l (1-13) 
cos[fl(l)-fl +1 (0)] = l 

«;(i)^,(o)=«; +1 (o)/?;(i) 

*-,(!) = *•,,«)) 
[0139] 

Jit ± <k 9. * fti $C a 1 j . a 2 j , b 1 1 . b 2 j . hp a 0 2 , a 1 2 . a 2 2 , b 0 2 , b 1 2 , b2 2 - h 2 <t>1 2 ill 

ta 3 , ) 
[0140] 



[13 8] 



/VD = />* 2 (0) 
Py l (\) = Py 2 (0) 
Pz ] (]) = Pz 2 (0) 
cos[«,(l)-a 2 (0)] = l 
cos[/?,(l)-/? 2 (0)] = l 
a',(l)/?' 2 (0) = a',(0)j3' 2 (l) 

(1-14) 

/f,(l) = «r 2 (0) 
/*r 2 (l) = 7*v 3 (0) 
Py 2 (l) = 7^,(0) 
Pz 2 (l) = />z 3 (0) 
cos[er 2 (l)-# 3 ] = 1 
cos[/7 2 (l)-/? 3 ] = l 

[0141] 

3 tlT * fcl 1 2IlCov^T 1 2i«iti!) 1 ^ , )io^T-»ttft§C i:^T*§§. 3 tl 
[0142] 

»i*i<ni:S£«-ttitt J:v>. **ol t *#^<7>1<t> PUS?* * . 
[0143] 

m *. It n- 1 M <ry & m § i: £ . NM <?"> * fti 1 i: N ffl <r> W ^ 9 o t i" £ . ;;X' 
5 ^ IC l^it^fe fct^t, **a$U2 3 #(7U 2 a V >f K -b r > > h P n _j, P n <?) ?BV>fH 
7>-?aO n , al n , a2 n , bO n , bl n . b2 r h n <?> 7 o fc* if £ -5 „ — TjT*. ^ff-i^ti. fflw 

ft 3g 31 2 h^frlcov^T 2 oc^^ff 7 oJt*.£. 

[0144] 

n = 3T'H*ftlf(, n «fc lc 1 2 AS T § 3 t fc* ;b fc> o T o S ^ «b . n > 3 T* . * 

*n & li 7 (n-2) + 5 ill. 3ttlC;ttLTi£ , )3:o;j$<t7 ( n - 2 ) + 5i*>^„ 3ft-? 

8C t * ft ic n -t s & <?> 8C L <^§^)T\ nM^ B & j&fll <?> if 1 if t |b] 
tif^^a-?»%^*>sctl()*ir^**. Kf^fcLTli, *£nl t &ft^<7>m\z it (1-15 
) (1-16) ^,<r) m b*f& *) ja o 3 h * ft ffl L - - b y • 77'v>ii^fflv^Tffufc. 

[0145] 
[13 9] 



AF = [j]a« (1-15) 
Aw = [■/]"' AF (1-16) 
[0146] 

[0147] 

(c)IM^)^ 

- a. - h > - 7 7' v > vJ ic 4? u T tt . ffi <r> * ft to * l£ k: 31 ^ £ #JJW M * S 



o u X t£ ^ -S o 
[0148] 

5feff fiff^T*£> 3 3D Discrete Clothoid Splinesti, M^\z mmttMl&^M *) . 

3 #C 7U ? n V -f H n m <?"> tz db <F> m m ft % . Ell 0 ^ <k 7 * r = 4 3 D Discrete Clothoid S 
p 1 ines<7) # 'J =f > Q^fF 9 . ^ 3 ^bl+ST'^/ILto 
[0149] 

Discrete Clothoid Sp 1 i n e s \Z o T ffi&S£HJ! ~f £ . HI 1 \Z ^ $ ft * J: 7 IC 
fflMW^M^Mfcti^iF*^'), P<t>& Uriels] ctrlo'olffc^ 

'J =f>QiiB! i; -o-T-rnM. iv^Tv^f^Tt (n-1) + lflM <?> TR % If o 3 t tc * 5 

o lil^^ "7* * ') 7' h fc*&j&fc><b<7>ai LSf i: LT . ^-TR^^ Q i xm~t Z t \Z ~f £ . tLtz 

. &m£jzte^x. nfa t Lx'&mm-< ? h ;n>%. $ t ua* * o j: -? 

? h >Hc * ^ #> S . 
[0150] 

Tie<50H^lB]±**^giItttc 4 § «k 7 ( 1 -17)fcs5fcL. ft^**46^*^ 
^^IftSEBtlcttlfJ-t-S =k 7 ^^frtcft^fi < t #<30 1 -18) <7>W&£fi/hffc-t£ 

§ <7> ) # 'J rf > Q % 3D Discrete Clothoid S p 1 i n e s b 7 . 
[0151] 
[K40] 

|qi-.qi| = |q i+ .q,|- (q,«P) (1-17) 

XK^.H 2 . i = {0...n-l}, A 2 *, -2*, (1-18) 

i = l 

[0152] 

3D Discrete Clothoid Sp 1 i n e s X It SM^) 7 U * £48 T lc £ o T 6 „ f CT' 
. ^<7>#--(£Jtifi^|Sl^ ? h >v t «k 9 ^ ^ > - 9 a o • b 0 ^^<s6£o 3 <7> J£ Jjft I«J ~s ? h 
t l±# ') =f>Q£:d<#>£: i: § tci-T'tcgXfr] 3 <t> t t 3 iX 7U ? a V >f H ft & 

M<7>5^ i: «fc 9 . # =f > Q<7>TM^<7)tf a . (9 t)*$< £ £ . 3 ftlc «k 0 

<7>a 0 , bo^^KHMfc*^ £ 3 o * * 3)X7U ? a v >f H mfrlzis^X It. % 

<?> ft ^ x. -5 o 
[0153] 
[14 1] 



u 



cos /? cos or 
sin (3 cos a 
-sin or 



(119) 



[0154] 

:ZT\ 3D Discrete Clothoid Splinestt. TI^ fc* VWM \z M ^ T* c t ^ # ^ £ 
. 13 1 0 <JO ^ a 4 j |i T li x tt*ft^^»S**l/4T?*>S tfifW-r^ 3 i: ft'Tf§ [s] tl lc ^ g 4 ( 

[0155] 



[S42] 



(1 -20) 



[0156] 

3 li**n£tfc*a 1 4 j a 2 4 j <?> 2#C7U3l ja^^^ iz t£ ■? X 3s *) . z j#v* X ^ => > - 
yap a 2 ^«KfHi i" -5 . Is]*f lc ^ ^ > - 9 b \ , b 2 ^IOSfl« t 'tkfcX B S . 
[0157] 

*) nft-tZo 3)X7C ? a V >f H ftH^tt^li. ^(1-21)T^3*IS. 
[0158] 
[143] 



r (1-20 



cos 2 or 



[0159] 

i: 5^ (1-22) left 0 . h<0 f] 1$ ft £ § ft § „ 

[0160] 
[S4 4] 

, V(fl1 4 / + 2a2 4 , ) 2 + (frl 4 , + 262 4 ,) 2 c os 2 (a0 4 . + al„ + a2,„) 

«4, = (1-22) 

*4(l + l) 

[0161] 

o c: L£2J]BH«£ffl^ (b)TiB-<fc J: 7 ft0 2 ai^t ft £ «fc 7 4*ftTT'§ffii^o^ 

v > - 9 CO ffi ffilffi % — ^ - N > • 7-/V>aiCj:oTf ftfc. d ft IC Jc o T§btlfc ;>; 7 

[0162] 

mmizu±.izft-<rz^yi;X}£mitmm tr^m t lt (o. o. o.o, o.o), (2.0, 2.0, 2. 0) 

, (4.0, 0.0, 1.0). (5.0, 0.0, 2. 0)<*>4j&*3iX7C* n V >f KffilW Lfcfllfc^l-f*. fc&W 
tc J: 9£j£3*ifc3iX7G*nv Kft*ft<*>2S&EI%l3 1 2 tc ft i± . m 1 2 li H Jjft 3 iX 7C 

[0163] 

$ «b tc n 3 tc #tt*6<7> ^ > - ? * . ifci4K, §ii^T-^)ii • mm ■ • a 

m<n-fft-&Wiitti. Zflh «k 9 ^-JfM^T-G 2 3i^i: ft 5 J: 7 ft3^7C ?n'^H 
^^tiTv^c hb*bi)^„ m 1 3 t±fflttk:46^*^<^#iftK|l||. Mile ft 3* £ IX 

ofci$t£^77T'*^„ 
[0164] 



[ft 3] 



a = -0.657549 - 1.05303S + 1.84584S 2 
/? = 1.03297 +1.29172S -2.551 18S 2 
A = 3.82679 
P 0 = (0..0..0.) 

ftH2(ftw^^^"V ~&mm) 

a = 0.135559 + 2.18537S - 2.69871S. 2 
p = -0.226655 - 3.15603S + 3.03298S 2 
h - 3.16932 
P 0 - (2.,2.,2.) 

a = -0.377569 - 1 .45922S + 0.984945S 2 
0 = -0.349942 + 1.32198S - 0.873267S 2 
h = 1.43987 
P 0 = (4.,0.,10 

[0165] 

Coord : (1 .16 x 10 5 ,2.00 x 10"\3.82 x 10' 6 ) 
Tvector : (7.59 x 10" 5 ,1.50 x 10" 5 ,2.95 xlO" 4 ) 
Nvector : (2.93 x 1 0' 4 ,9. 1 9 x 1 0' 5 ,-7.57 x 1 0 * ) 
Curvature :3.06xl0" 7 ' 

mtk2t m&xo fflgt& 

Coord : (-4.33 x 10"* ,-1 .64 x 10" 6 , 1 . 1 1 x 10" 5 ) 
Tvector : (2.06 x 10"\2.33 x 10\l.97 x 10" 4 ) 
Nvector : (3.30 x 10 4 ,1 .19 x 10 5 ,-3.23 x 10' 5 ) 
Curvature :5.96xl0' 6 



[0166] 

( 4 ) mmiztert & mm* % ml tz g 2 mm% s * n v + k mm 

(a) t **a$( 

ic o v^T **n$tj± a 0 , aj- a 2 > b 0 , bp b 2 > h<o 7 o -5 co T* . * *n & It ^#T« 7 (n- 1 ) 10 £> 



tti&fclzisl'f zmUnSMfrtftE-t 2><7>-Z . ^MT* I (n-2) I3IT'$> -5 . 2-3^ 
^vSTli 3*UC#f;±> • ^^iCfclt^mH^ ? H *fr^4Mif ^t C t lc J; o T 

[0167] 

:;t\ m • n^icfcit-smn • mm • mm* mm t . ^oc 2 aic^ tara 

t £ ft «b . liMSmHcfclt &&Ji£%ft|flP L fc 1: § i: it^T, $ ^ tc46^ • H^T'VSIS • 

tft^lc o 2flSo*o<7) ^-fHfflJt*. * 3 t tc ft § . t5t, 5$ tt^gPT 7n-3M t u 7 
Z t iz ft £ . z<7>Ma. ft <k *) ^ft < ft £ 7^V>S 

[0168] 

CCT'li, ffifflW&J&**rfclC# At5 3 tic J: oT*»t^fr^^Ki:t 
[0169] 

zcnM&mm&fr2^m z. &cot°. ^mm^iz^^^k^^mm. mm. mm. mm<r>m 

o* o (?) 1 4 fH it £ & c -^T\ * £n gc a 3 tc * a y >f K $gl 9t 2 o if -5 <?> T* . a 0 , a \ , a 2 
, bg. bp b 2 , h<7)?oo*o^)^|f Hi^*|at^j|x4 3 i: left -So 3 </> t § lc # * 
tt5/&cr>&iin + 2ffl?#>5 fc><b. ^#T-*^ £ i: **a$Ui7 (n + 1) * ft 5* It 1 (n + 1 ) +4 flU 
u 7 3 i: lc ft § o 3 3T-$blc, Srfclcff A t fej^<7>Jffi*g<7> 7 *» 2o^*|aS t Ul 
nt4fc, *^SlJ4ojt£§ctlc=5r§ 0 til:, **ufC * fr^ t 7 (n + 2) -3flS t ft 
0 s * £a $( ^ ft? ^ * § 3 t § -5 «k 7 tc ft § . 3 <r> j: 7 icSf ^ft^^Jf At * 3 t \z 

mm* if 7 3 i: ^Hj^tc ft § . 
[0170] 

§ ^> lc — JKAS ftJt ^tc o v^T ^z. £ o Dl^^l!ltiBlt«i:§s MiQ^T*mM<7> Jl @ % 
©J «Pt £ Jt^tcov^T^Jf At^jS^K t **>j&k:i?v*T**iiSC t LTfft 7 MSI<7>$Uco 
v^T^-xio 5fe ic ^ S ft* . ii^'PiuTuSJI^, l±n-H@<7>ft*6"?fciNi 3 *l 5 
= fcL. Affile £^ &3&rc?n V ^ K*ft#k:ov> T*fr$Cli a q. aj. a 2 . b 0 - 

bp b 2 , h^?o*5^)TJ, **n$Cli^#"?7 (n-1) fH£> -5 3 t lc ft £ . — *frjtlco 
v^Tti. n-2M*>^}fl5c^r i: tcM^. mm. mm. $im<r>lffi~3~>t1&)&\ztsl't2>mM<r> 
3i^'^at5^)T\ ^gp-?7 (n-2) I3I0T?* 0 . *ftit^)^*Mo^^v\ o U ») . 
fev^TftOP $ tiS § Jl @ li4olii_h t 7 3 i: \z ft i o lilTx ffeWJ + TmliUM ±<?> @M 

< tS^^tov^TiE^S. 
[0171] 

(i) m=2k<r>b% 

M^T-*>^H±Tm=2kflH^Jl@^ilJPt S # x *^t!J^#T'7 (n-1) *fr^ti^fr 
T*7(n-l)-4 + 2klT-J)-5, c <7> § jfi HI ft * it 2 k-4 M T § . 4-. k-2M<r> fz\z 
WA-fZ>zb*^z.Z>b. 3iX7C ^ n y >f K Ji6^**k-2*x JfM^ **k-2M±i x S <?) T* . * 
^ni(li^#T-7 (n + k-3) fl. *fr^tt^#^7 (n+k-3) -4 + 2 kflS t ft S . tcft^lc 
WALtz&£L<omm<7>1$.coi *>2o (fj^^x.y) S^fttJ: LTftH *^nSCtt 
^#T7 (n + k-3) +2 (H)fi, *ft^li^#T-7 (n + k-3) +2 (k-2) M t ft *) *^afc i: *frit<^S( 
L < ft S o 
[0172] 

(ii) m=2k+l<7> t § 

WSfiS-e&fc i±Tm=2k+lMc?>Jl g ^ftOPt -5 t B . *^aSC 7 (n-1) ill . *fritii^ 

4#T-7 (n-1) +2k-3MT-cfc s . 3 co t § jfi^ij ft^fr^ 2k-3If*> S . 4-. k-H0<?>j&**ffc 
tc4f At -5 C i: % § t . 3)X7C^a Ki^in-1*, ffM^ **k- 1 Mi# ^ * X' . 
*^a|^li^#T«7 (n + k-2) II, *fr^li^#T«7 (n + k-2) -3 + 2 kill fc ft -6 . ::-?^t|ffc 
lc 4f A L § ^ <t> M ^ <7) fl <7) 7 *>2o (fjxtix.y) Ul? tt§ 



It^ikT'l (n + k- 2 ) + 2 (k-2)M. 5* li^#T* 7 (n + k-2) +2k-3M t & 9 *ff^^K<»Mo^ 
< & £ . f :T\ m=2k+l<^S n-K: liJP A L fc^(<7> "7 *> £ rxn&K: fci^T li Jffi & <?> ffi tf> "7 
*> lo/*l+£**D& i: J:t5. f 7t^:tT\ **n8Ctt^#T7 (n + k-2)+2 (k-2) 

fHK (n + k-2) +2 (k-2) ffl t & *) * *0 » t * #5* 60 & fc» V L < * S . 

[0173] 

lil±K:jffi^fc^S<7) Jc 7 \z. mftng nzlkft<7>&\z-&t>itx . W A L fz^L^mm^ 7 *> 

^ ft 5 ic IS "t o 
[0174] 
[H5] 





Hi5 




5 ^£^<o$: 




4 


0 


0 


0 


0 


5 


i 


1 


l 


1 


6 


2 


1 


2 


2 


7 


3 


2 


1 : 2 

i m<ou : 1 


3 


* 


2k 


2k-4 


k-2 


k-2fiO^ : 2 


2k-4 


2k+l 


2k-3 


k-1 


k-2 © O ^ : 2 

i m<o& : 1 


2k-3 



^k : 2 &L±<D @ 



[0175] 

(b)^v£ 

M • ^^T&fl^ftUP-t £ 3^7U * n V >f h^fflufcSiail , 014 Jkum 1 5 lz 
^ § tl -5 =fc 7 tc Jit T 60 9r£ft T- tf *> ti £ . 
[0176] 

[0177] 

Step 2) iifcl8l8l±k:3f A L . *fr^t*;ftS(60S(^if^l)-£o 

[0178] 

StepS) <5 > - 7*3J]BHffii: LT. @ ft 60 * * §f i" J: 7 £ & ft *& tf> > < 5 > 

- 9 60 jffi ffi f I * — - - h > • 7 7-V>aicJ:oT*ft^. 
[0179] 

WTx ^Steplc o v^Ts^B^^ffl^-t s . if stepllcfcv^T ii . Bib ft ft * MW ~t S 60 
-?#>*Ui. (3)(?)fatfflv^iltt*4*t«. jt*ft^l«I*<lHlfflIL«:v^^k:-3V^ 
Tt. ^6OEft^60^*^ > - ?fc#ao£P£60#J»ifii: LTIi, (3) *>^v£ t m C tJJWffifcffl 

[0 1 8 0] 

iX lc S t e p 2 ic 4? X m tz & W A L . *f^t*^a^60fC60lfm^ff7 3tlc^S„ 3 

6or^. mfz\zmA-?z&ji. ^mmMm^mizis^x^m^m o nwricsrs * 7 tc-t 



So Jf A3*i5^t LTli1ftWW£;M±fc^.fcSteDlT£j&3ftfc3iX7C ? ta y >f 

Ki^^'t'l^^tf ALfc, 3 «b ic. ff A 3 ft S ^ tt ^ «b IK * ic A L T u < t ^> 

[0181] 

B.'$L \Z S t e p 3 IZ o T £ . S t e p 3 ff 7 — ^ - h > • ^^V^SS^fctfx^lWBJHfi* 
ff fcicifc£-t<5<&^fc**>s. %<7>rzdb. $r fcftjS^JfAS ftfcftJjfticouTii. 1 -4TiE 
^/cS^tu ? o V >f H ft^^^9J-r S^a*fflv^TftJjS*^ffll t . £f£3ftfcftJj«<?>£-« 
i)^$£lf:. A 3 ft T & ft Jjft ic o u T li . SteplT£j&Lfcftif*<?> 

**fflv^s. Jil±T. Step3tcfctt £ ftijfc^g-^ ^ > - 57 <?> #] BfHft £ £ L fc. c<7>#JiH} 
ffi % ffl X . - ~ - h > ' V > y£ tc J: o T f# ^> ft fz => > - 5? <b 3 }X 7C a y K 
ft*t^£/£L. ^JM* @ ft <?> & fr £ ii$ ~t «fc 7 &3/A7U?n y ^ K ft *tT* ffi ffl £ ff o 

[0182] 

(C)ffilM 

^^IcM^T'^tf^. ft*^H 6 <7>%kf¥xmW-f & J: 7 IC3/X7C * a y >f K fcgm 

[0183] 
[ft 6 ] 











mm 


p. 


(0,0, 0) 


(Cos( 0 ), Sin( 0 ) 
,0 ) 


(-Sin( 0 ) , Cos ( 
0 ), 0 ) 


0. 2 


p 2 


(4,-4, - 
4) 








p 3 


(8,-4,- 
5) 


(1,0,0) 


(0,-1,0) 


0. 2 



*0 = ~ft6 
b 



[0 1 8 4] 

EM • -^Jl« • -;£M*t • =;£M^t^ft*t<7>ft*¥«ft^ 57 * 

rz. mi 7\zmi 6 *>tt«i*>ii^**tj£3 *trz&mm<7>tt)&frh<7>wm$m t mm<?>m& 

[0185] 



[H7] 











ttil ^ 


Pi 




{0. 0, 0. 0, 0. 0} 


{0. 8660, -0. 5, 
0. 0} 


{0. 5, 0. 8660, 0. 0} 


0. 20 




£ a m k: «t s 


{0. 0, 0. 0, 0. 0} 


{0.8660, 0.5, 
0. 0} 


{0.5000, 0.8660, 0.0} 


0. 20 






{0. 0, 0. 0, 0. 0} 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


0 


p 3 




{8.0, -4.0, 
-5. 0} 


{1.0, 0.0, 0.0} 


{0.0, -1.0, 0.0} 


0. 20 






{8.0, -4.0, 
-5. 0} 


{1. 0, 0. 0 , 0. 0} 


{0.0, 1.0, 0.0} 


0. 20 






{0. 0, 0. 0, 0. 0} 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


0 



[0186] 

(d) * m&x-<7><$.<r>mm 

(b) <7>^miz j; *> . nm^zisvf s loo. i 2 mffi%nmb*tT *. % j=^ic4 

of;. ;:t\ T 4 < ^ Fig ^ 1C 4? U X ft * fell 9P -t & M a IZ o U T * x. § o 

[0187] 

t iiT'§ iu. f :t\ c c t* tt z co ^ 2 o \z ft rt -5, z t \z «fc T + W j&t? <o ffi % U 
[0 1 8 8 3 

iz frrt T ffi m * tf "7 o * it * P c li . j^^lc *> Z t lc £ £ <7> (b) <7>^v£ * ffl v> *i 
li f i % fell fflJ -t § - i: T § * Jc 7 lz £ § o 
[0189] 

3(7) J: 7 letup L fcv*f6*>*><S;&"?E#*$Ht. * *>WS«k: felt SffifcfaHjP LTfflRS L 

ftg 4 3ix 7c ? ^ v >f h m m * tf 7 3 h # & c 

[0190] 

( 5 ) m%t mm. m^^mm l tz 3 Kit * u v -i f 

(a) coWifi 

(b-1) ffi[i|^f^*^4x§ 
Z(?)^jTli3)X7C^Fffl<^3^{0. 0, 0.0, 0.0}, {5.0, 5.0, 10.0}, {10.0, 10.0, 5.0}^Jf 

z-tzo ^com&&iz5- x.rzmm. v£«u mm* z * ttbxm 8 izmLtz, 

[0191] 













Pi 


(0. 0 . 0. 0 , 0, 0) 


{0.0, 1.0, 0.0} 


{1.0, 0.0, 0.0} 


0. 1 


p 2 


(5.0, 5.0, 
10. 0) 








p 3 


(10.0, 10.0, 
5. 0) 


{1.0, 0.0, 0.0} 


{0.0, 1.0, 0.0} 


0. 1 



[0192] 

(b-2) r-4<^3DDCS<^^i^ 



- zl - h > • v 7- y > a ic t it . m<r> mm & *& & m ic m m & mm 1$. * ^ % >&m 

Z ZX-\$Z <7>%}1tfti%. fzdtxnmB 2>o %ftm3t~Z3bZ> 3D Discrete Clot 

hoid Splinesli. j^lc ffiHSJ Wt^tl 0 . ft* h <?> WWl^M lc tt L T Yif- <b fc^c 

^ fbi" 3 J: 7 & 14 It £ If o T £ . f :T\ * ffi?£T* « ? o V ^ H if HSJ <D fzdb^m 

M fl ^ . 02 0^)J:7i[ = 4^0 3D Discrete C 1 o t h o i d Sp 1 i n e s <J0 * V =f > Q^r fF 0 * ^3 

^ «b ft- s $ s l £ o t tz. n tc c <n & *) ± f% $ n tz * zt y ^ m 2 1 ic , 

[0193] 
[ft 9 ] 







Pi 


{0, 0, 0. 0, 0. 0} 




{0. 4677, 0. 4677, 
3. 1228} 




{0.9354, 0,9354, 
6. 2456} 




{2.3029, 2.3029, 
9, 4966} 


p 2 


{5.0, 5.0, 10.0} 




{6. 7095, 6. 7095, 
9. 9244} 




{8.0655, 8.0655, 
8. 4732} 




{9. 0327, 9. 0327, 
6. 7366} 


P3 


{10.0, 10.0, 5.0} 



[0194] 

(b-3) mm<£.<nmm. 

*^v£T*ti^<7Mft^b-2T*£/£ L =f>Q£$o T. & * *n $t <?) f lift ^ Jft^T v£^i" 

3D Discrete Clothoid Sp 1 i n e s T- ti &IS;£<7> 7 L * T- lc Jf< ^ -o T . Z 

T?x b -2T£/£L£:# >; =*>Qtf>|i'&Ji!j6;frl«J~* ? h ^ t J: *) >^=> > - ? a 0 , b 0 ^^<s6§ 
= 3 <7>Jf*&;frl«j ~* * h ^ Ui# =f > Q^J|<<^^ t § ici-T-lcK^n t & -o T 9 . z <ry t i: 3 
? n V -f H ft*fttf>Jf*6<?>jS i: lc J: *) . * 'J zf y Q<^TR^<^ff mUfa a , (9 **J|< * 

H -b r > > h tc 4j T ii . ^ <7> M * x. S o 
[0195] 
[K4 5] 



u = < 



cos >9 cos or 
sin /? cos or 
- sin 



[0196] 

;ZT\ 3D Discrete Clothoid Splinestt. TI^ fr^WMlz M ^ T« v> S Z t % # ^. ^, t 



[0197] 
[14 6] 



[0198] 

yap a 2 ^«SHf! -t § . fBj+itc ^ ^ > - ? bp b 2 *>WMi& t § S . 

[0199] 

[ 0 2 0 0 ] 
m 4 7 ] 



■Ja' 2 +f} a cos 2 or 

A" - -5! 

ft 

[ 0 2 0 1 ] 

[ 0 2 0 2 ] 
[S48] 

V<>1 4| + 2a2 4 ,) 2 + (ftl 4 , + 262 4; ) 2 cos 2 (a0 4j + al 4 . + q2 4 ,) 

"4; ~~ ^ 

^4(1+1) 



[ 0 2 0 3 ] 

W±^^v£T7o<?)3iX7E * n V >f K 5 > - 9 \Z o u T SB fit * V* fe~t £ 3 i: fc*T* % £ 
[ 0 2 0 4 ] 
[ 0 2 0 5 ] 



[ft 1 0 J 



^p,t p 2 t *:&j£m 


^0 


0. 0 (gt 


3* 
a \ 


-0. 2684 


^2 


1, 0739 




iz /2 (|JE 

£0 




0. 0 


b*> 


0. 0 


h 


12, 7684 


^ p 2 i p 3 1 




-0. 1648 


1 


3. 2061 


#2 


-2. 6327 


Aq 


0. 7853 


A. 


0. 0 




0, 0 


h 


9. 6752 



[ 0 2 0 6 ] 

(b-4) i'Stc^iS^l^ G 2 iIMft3)X7U ? u V >f H *gm 

(l)-2)T*aSL^|l]SljI^ffluTG 2 i^i: ft § J; 7 ilfrTTlli^^ >- ?<?)fi 
flSUft % — ~ - h > ' v "7* 7 > IC oTlftS, C tllC i o TH b tl/i ^* 7 > - ? ^ b 3 

[ 0 2 0 7 ] 

ti^J:7^*frl:ov>TM*fil^*fr^*i§. 02 2li^Pi. P 2 . P3<^3iX7C^nv 
-fKim^^t. ^Pp P 2 M*JK^ftifft*ft*ftC 1 . ^P 2 . P 3 M**§.fctt*&*tti*C2 "t s 
aO i t bO J ttfttlcfi!£*m?*> 5 ^ «b . WSli> ft*ftCi<7>>* ^ > — 7 al p a2 p blj. b2j 
, hp ft*gC 2 <^ > - 7 a 0 2 ■ a 1 2 ■ a2 2' b0 2' b 1 2 • b2 2- h 2^ 1 2fiI k * * - W^^ B H^ 

T T < -5 £ ^ <T> *t ~f A 7 i) -f (. a § j$ +)- -7* 7, 7 -7° lc ft- l, T 4? *) , § ft M lc It 

(9. v£8U ft^^ft!^^'^S(S^rafC i: L TPxj, Pyj, Pz r a r 
(9 i . n j , /e j <?> £ 7 [c ft t" » 
[ 0 2 0 8 ] 

tcgtfriftffi t LT^f x. -S^T^Pilcfctt^^friiiTf tcjg/^ L ftv^ 0 
[ 0 2 0 9 ] 

YKlzfiL? 2 lz 0 * • ^P 2 &ft'1$lB]±< ? >fiM/&T-£> 9 x G 2 31*wlc ft 5 tc tiflg. }i 

*6x v£*§U ft^fc*31il@Bf S'&Sa**><5 o o * 0 ^P 2 lcfcv^T^ 9 3ao ^fr liTIfi^ J: 
7 lc ft £ o 
[0210] 



[S49] 



Px } (\) = Px 2 (0) 
Py t {l) = Py 2 (0) 
Pz,{\)^Pz 2 {0) 
cos[a,(l)-« 2 (0)] = l 

cos[A(i)-A(0)] = i 

n,(l).n 2 (0) = l 

/c,(l) = /r 2 (0) 

[0211] 

£<^Ti^T<^5o<7)^ft^/j£9jyo 0 (3 3 ti . 4- £ s & j& tc 4? it § Jt m ~< t v 

[0212] 
5 0 ] 

A: 2 (l) = Acj 

Pz 2 {\) = Pz, 
cos[«,(l)-a,] = 1 
cos[/? 2 (l)-/?,] = l 

[0213] 

W. _h ± 9 . * *n $C a 1 1 . a 2 j , blj, b 2 j . h j , a 0 2 , a 1 2 . a2 2 . b 0 2 ■ b 1 2 , b 2 2 , h 2 ^ 1 2 
itWLT, ^ 5^ 14 T 12 <7) 1 2 flU 0 o C t i)*£> frZ o I 
T IS <^> <k 7 tc & § o 
[02 14] 
[& 5 1 ] 

Px } (\) = Px 2 (0) 
Py } ()) = Py 2 (0) 
Pz l (\) = Pz 2 (0) 
cos[a,(l)-cr 2 (0)] = l 
cos[#(l)-/? 2 (0)] = l 
n, n 2 = 1 
*t,(1) = a: 2 (0) 
/'x 2 (l) = / , x, 
/> 2 (1) = ^ 

cos[«r 2 (l)-a 3 j - ] 
cos[/? 2 (l)-/?,] = l 



[0215] 



- - h > • =? -7" v > tc J; o T ft? § . » * ?l< db fz . HI 1 ic S3 ft i: m * SB"* . 
[0216] 

[in] 









m 


c, 




o. o (I5E 




a i 


-0. 2684 


-5. 4455 




1. 0739 


5. 4122 


A 0 


n/2 (g£ 

*n) 


— 


^1 


0. 0 


-3. 8590 


b 2 


0, 0 


3. 1003 


H 


12. 7684 


13. 5862 


^ p 2 t p 3 t ^^^tt 
m c 2 


a* 


-0. 1648 


~0. 033258 


*i 


3. 2061 


3. 6770 


a 2 


-2. 6327 


-3. 6437 




0- 7853 


0. 8120 




0. 0 


1, 6006 


b 2 


0. 0 


-2, 4126 


H 


9. 6752 


9. 2873 



[0217] 

(b-5) }&m<r>£.!& 

m 2 3 a (b-4) -?&abfz'* y J - 9 %7t\z±i& L fcflJMl i: b-2T£>£ L zf y t&m 

[0218] 

(b-6) &tir&t*ft$c 

3 :T\ £ *bk:4&^CP 1 i:ij^^P3k:iJltS^Jj«i:ft^ ! t^8T#-^.fcfftlc-t* c 

s o t&ti. • $ h \zmm t mm-zmw-? z \z it . t n^ic ±? it * * 

fcx ftiC 2 tcov^tfliIftS =0. 5<^teHlc^DP2**ffclcJf ALfc. 
[0219] 

3<7>i:§. ^Pj i: ^DP^S^ffi^MC * { . ^DPj fc ^P 2 **§ .& tt*6C ' 2 . ^ 

P 2 fc^DP 2 *JK^ttii6*ft*ftC * 3. j&DP 2 fcj£P3**6.&Efil*ft*tt*6C ' 4 t "t 3 „ M'&MWlz 

iiisifta, (9 . mm. mm-zmm^m^m®. t ltpx c , py c , Pz c , a c . n c . 

%46^"?l±Px s . Py s . Pz s . as'^s' n s' « s - &J&"£1± P x e ' Py e' Pz e' ^e'^c 11 e- 

[ 0 2 2 0 ] 

KIT k: T 9 3a o ^fr^: m~t o 

[ 0 2 2 1 ] 



[152] 

m. p, : mm. ifc*§U ft* : 4® 

cos[or c . 1 (0)-aj = l 

cos[^ c1 (0)-/?J = l 

»c-i(0)-«, =1 

x: c1 (0) = /r, 

^DP i: gf*§U feU. ft* :7fi 

/>^ c ,(l) = A Cc . 2 (0) 

^c 1 O) = ^c- 2 (0) 

P2 C ,(1) = PZ C , 2 (0) 

cos[a c .,(l)-Gr c , 2 (0)] = l 
cos[^ c ,(l)-/? c . 2 (0)] = l 
n c ,(l)-n c . 2 (0) = l 
*r cl (l) = ^ c . 2 (0) 
£P 2 : ffcg, g£*fU &*§U ft* :7fi 

j Px c . 2 (l) = J Px c . 3 (0) 
Py c , 7 (\) = Py c . 3 (0) 
Pz c . 2 (l) = Pz c . 3 (0) 
cos[a c . 2 (l)-a c , 3 (0)] = l 
cos[/? c . 2 (l)-/? c .3(0)] = l 
n c . 2 (l)-n c . 3 (0) = l 

* C .2(1) = ^C' 3 ( 0 ) 

^DP 2 : SfclSL ft* :7fl 

P* c , 3 (l) = iX, 4 (0) 

/W1) = ^C'4(0) 

/>z c . 3 (l) = Pz c . 4 (0) 
cos[a c . 3 (l)-a; c , 4 (0)] = l 
cos[/? c , 3 (l)-/? c . 4 (0)] = l 
n c . 3 (l)n c . 4 (0) = l 

^C-3( 1 ) = K'C'4( 0 ) 

£P 3 : £8U ft* :7« 

Pz CA (\) = Pz e 
cos[ar c . 4 (l)-a e ] = l 
cos[#, 4 (l)-/? e ] = l 
"» c . 4 (l)-n, =1 



[ 0 2 2 2 ] 



_h «k *) . ^#Tj£9£o^#£#j$l;3:32fl?eT#>£o & ft Jjft **Jt o ? n y >f K 

^ > — ? tta 0 , aj. a 2 - b 0 , bp b 2 - ^7oo , oT'J> , ) 1 ^o, ft ^ ^*4^ ^ 
8ni28ffl£: L^L, 3 tlT li * ft & t * # ^ <?> » fc*^ L < * u<7> T* . fl? % J|<^ * d 
i: **aj3|5&v*. * C X%t Tz\zW A t ^o^DPp DP 2 ^ Y • zM1H^**n$: i: LT|i\ * 

[ 0 2 2 3 ] 

(b-7) 

(b-6) T&Tfc&#j*%Sf -6 fc#MC- - - h > • 9 7' V >S£fcfflv*5 fc*. 

^<^iJXm*^_hi-f -5 fca6lc*^nSc^^^«^^^i-^o ^StLTii. HI 2 5 «k 7 iz (b 
-5) L fzV/KTt ?oV4F ft*fcfc*f L < f¥ A L ^ co m Xft $| -f & Z i: [c J: *) . 3 

[ 0 2 2 4 ] 

ft*fc«>#9miCouTtt. ftttlCjfcftJjfcC ' i t ftlSC ' 2 ^ Kl^SO-tS^^^lft^-t* t 
. ftIC ' j<o? o'M F^7 ' , a ' 0 , a * ! , a * 2 - b ' 0 • b ' i • b ' 2 * ft B C 

1<? >^-7 > _ ? ^iiv^T . rm^x^xm^^. zzxs^t^wi^izisn^^mM^^xz 

Z X It 0 . 5 X 3h %> . 



[ 0 2 2 5 ] 





» 5 3 ] 








= a A 




= <vV 


< *o 








K 




h' 





[ 0 2 2 6 ] 

/Xtc^giJ^DPj^^^ ^ "t § ftl^C * 2 lcouTti5. £i\ ft^Cj 3 . 

TO C T* ft § & ft m * ft *£C ' * ! t & t . % (T> ft m It <ry 9 n y K ^ 7 > - ? h * ' 
- a * * 0 . a * i > a * 1 2 , b * * 0 , b * * p b * * 2 ti . ftfcgC j tf> ft*&<7> ? > - 7 ^ffl 

[ 0 2 2 7 ] 
[K5 4] 

'p;=p(i) 

a£ =a Q +a ] +a 2 -\-7r 

< 

b" = 6 2 



[ 0 2 2 8 ] 



3<*>ffiJft±lciJV*T#9Jj&DPi»i. DP i =C ' ' i(l- SjlT^^S. C Z T* ft It C ' * 
[ 0 2 2 9 ] 

3<^iiC2^^ov ^( K't7 >-?ti' ' , a ' 1 o , a ' ' j , a ' ' 2 , b ' ' q , b ' ' \ . 

b* ' 2 &. ftjfiCo^^ ^ > — ?tfflv^TTie^)^T*i$n§, 

[ 0 2 3 0 ] 
[S5 5] 

«r=0-^rf){«i+2a 2 5 , </ } 
<bZ = b 0 +b l S <J +b 2 S </ 2 

6; = d 2 (i-s,,) 2 

/l" = Jl(l-S rf ) 

[ 0 2 3 1 ] 

W_h^^>ST^ 3/X7c^o7^ Fftic^^ftiitS^s =0. 5-e*>s^DP 1 -ett*sc 1 

= 0. 5T*£> S^DP 2 TffiifiC2*ft*ftC ' 3 C ' 4 ^ ic^glji" § Z t fc'T'i 3 . 
[0232]" 

Z<7> ft ft-?ftW\Lfz i~><7> * — ? 1 2 lc © ■£ . 3 <?> fljjfi<?> v > - 9 
* b-6 T? £ T * 5* * it "t ffl * ^ 56 £ ^<7) - - - h > • 9 7° V > *>#J»|fft IC ffl \*fz 

o 

[ 0 2 3 3 ] 



[ft 1 2 J 





*0 


0. 0 (gfc39!) 


ft m 

C 2 


^0 


4. 9 134 


^1 


-2. 7227 


*1 


-0. 016629 


*2 


1. 3530 


#2 


1. 3530 


*0 


tc/2 (UEfcO 


*>* 


0. 41633 


*1 


-1. 9295 


b\ 


-0. 37938 




0. 7750 




0. 77507 


h 


6. 7931 


h 


6. 7931 




{0. 0, 0. 0, 0, 0} 


r r t - 


{1. 8431, 3. 0860, 
4. 9597} 


Eft 

C 3 




-0- 033258 


Ah 

C 4 




7. 1774 


&\ 


1. 8385 


*i 


0. 016629 




-0. 91093 


a 2 


0. 91093 


4» 


0. 81202 


bo 


1. 0091 


*>\ 


0. 80031 




-0. 40601 


b 2 


-0. 60316 




-0. 60316 


h 


4. 6436 


h 


4. 6436 




{5.0, 5.0, 10.0} 




{7.0029, 8.1298, 
7. 5337} 



[ 0 2 3 4 ] 

( b-8) &ft-&ffirz't ? n 'H 7 i - ^ ^5)<a6 § 
>^T^*>fc. ft 1 3 liffft 5 ftfc&ftJjfc^^ 7 > - 9 X'&Zo U fc. ft 1 4 li 
[ 0 2 3 5 ] 

[ii3] 





3 0 


0.0 (UE^j) 




a 0 


5. 3846 


a, 


0. 0000 




-3. 4602 


a 2 


0. 89854 


#2 


4. 341 


*o 


tt/2 (Kjai) 


A> 


0. 47690 


*i 


-0. 51836 


by 


-3. 2143 




-0. 57552 


b 2 


3. 4613 


h 


5. 1836 


H 


9. 9808 




{0.0, 0.0, 0.0} 




{1.8431, 4.1726, 
1. 4653} 


{Si ^§ C 3 


a 0 


-0. 017740 






6. 8553 


a i 


3. 4572 


a \ 


-1. 1443 


a 2 


-2. 8673 


a 2 


0. 57219 


*0 


0. 72385 


bo 


0. 76315 


b\ 


2. 4551 


b x 


1. 1942 


b 2 


-2. 4158 


b 2 


0. 43108 


h 


6. 60818 


h 


3. 3206 




{5.0, 5.0, 10.0} 




{7.0029, 9.0734, 
5. 6186} 



[ 0 2 3 6 ] 



[ft 1 4 ] 













Pt 




{0.0, 0.0, 0.0} 


{0.0, 1.0, 0.0} 


{1.0, 0.0, 0.0} 


0. 10 


ate 


{0.0, 0.0, 0.0} 


{0. 0, 1. 0 0. 0} 


{1.0, 0.0, 0.0} 


0. 10 


m 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


0 


p 3 




{ 10. 0, 10. 0, 5. 0} 


{1.0, 0.0, 0.0} 


{0.0, -1.0, 0.0} 


0. 10 


£ fife 1**1:: «fc 
3te 


{10.0, 10.0, 5.0} 


{1. 0, 0. 0 , 0. 0} 


{0.0, -1.0, 0.0} 


0. 10 




{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


0 



[ 0 2 3 7 ] 

(b-9) mm<n±r& 

(b-8) X'^dbfz^ *? > - 9 \z «k *) firz^mtim 2 6 \z^-f„ H ifift 3 iX 7C 9 n» V -i 

h mm. mm • -&mm • ~&mm • ^^mmit^mm^^^^^m^^iz. ±%z^ 

2 7 \zm 2 6 <?)*ft^ttMk:WfC:3 *fc&ffl»<7>itf;&*>'b<7>^fftS!Elflls t mm K <7>ffl&<7) 7 
=> -7 * m-f . £ 3 ft li s ft 1 2 i 7 C4£t*frtifcLTv^ c t 

fc> <g> o 
[ 0 2 3 8 ] 

#0 * IB L . 
[ 0 2 3 9 ] 

3. 3tfC7U?o v >f Kffif^fflv^MftJP^ 

XIQ<7>3^7U? n v >f K*IWlHl«Ui. X Mi « </> X M ^ * ^ftH^3lKx4m^<^Mf^iJiP 

^fcrfx^scfftftOfflnis^^^icfr^ncfflv^ft*. %<7)ftm\t. mmmm^B%* z t . 

&y\ *$ jgiert:* >f h fr\z -t z t t)*«im-& z t x 3b s o 

[ 0 2 4 0 ] 

(1) 3 Ult 9 u v A H 1tW*fflv>fcf5cfftftiJffl]^^ 

3 z^tc ? n V >f K 1«Wft*ft*fflv>fc»ffif|HjP;frjiUi. 0 2 8lc ^ 3 ft £ iX^IW ^ <b & 
[ 0 2 4 1 ] 

(j)IlIifli^)M(@2 8, SI) 
hf^IMi'KtS, f^II^ftl^ (II,>S, tool center point) ttX-ffii£liio§ 
ki'-eSi. IMj£*>&HI±. mm (x. y. z) T-ft£*u X M ^'^ilti . 0J x. li x 

. y. zmiztt-tz>\B\mnmT°m$nz, t^zi^nnKMBx^. xm&<7>®i»itj& 
mnmntLiz* & z t * < , ii»icii)^Tv^ 0 afi&fajap^n 1 Ma, c 

fr\k -& . 3 iX7C ^ n v >f K ftH ic Stf 5 - t lc #> £ . 
[ 0 2 4 2 ] 

(b) 3IiftAJj&<7> MX ltdb ( 0 2 8 . S2) 

&i$.MWfrt><7>&#lz «fc 9 . 3^tu ^ a v >f K Sfflftitcio T . ffi^X^liJP^tm^ 

-f5r^*>. MtftiiJP^m 2S^li, ^1+^ ft/i$fL»X^IU 

ISli, i^ratcW LTy*£3 ft^Jf ^ i: . #L»<^ff^«tcf4ffiLTv*S^ft^Jf ^^*>^o 

-WtftizitmmizHLxmfeziizm&fr^^t)*. m^itmmmx^-t ^h^m 

^J^^tcN-Bfi L TMJg**i*^3 ft^o 
[ 0 2 4 3 ] 



[ 0 2 4 4 ] 

(c) rnfrm (028. S3) jkv * >i ^ ~> -r > mm&\z & & xm?> & • ^m<omn ( 

0 8. S 4 ) 

czftt, wi$.mmmm*mu-?z^&mmzt\z. mwttmcoi%fe2 ntzwmmmiz 

g • ^§|;b*Bf m t CO m $C t L T i h tl tz Z t \Z & £ . 3 tl \Z J: 0 . Iff ffl t £ «K X Bf ffi 

psT-4x/ct§, ^ n^ncommiztt^ zxm&co^&^mtb % z t frx* b % » (c)com 

^^t^'-b^oTi^o J^/X- 5 tifc^fftif Sic #.fi^F^^^-f tat. ^fitff fig * ^^tftftt 
^ > - 9 \Z J: 9 . ^M'&co&lZ Ssrt ^figfit fli, 
[ 0 2 4 5 ] 

j£<7>l5g h^Ufr^MZ ti€.o Ufl, 3iX7CTMi(x* y. z. A. y. 0 

) i: * -5 . /c L . ( A . m - y . 0 ) li ^£|E* ^fffi HfeTi L t <?> X ( A * m . v 

[ 0 2 4 6 ] 

Ufc. ®ti£.Mfflfrh<7>m&\z £ *) . 3iX7C^nv^ Hl^ftiictoT, <* l«J ^ it 
£^-v££l+ * ^ -b -y h Lfzirv V g^^dbX . ZTl^Jj v 9 - >t * ( XM 4"C><7>fii2fr 
) tt5. 3<7>ff St. ft *>*:>)< * o tv^^T\ 

[ 0 2 4 7 ] 

(d) i#f&*ftfli? (028. S 5 ) 

YKlz. Xie<^XM^<7)fig • '^il^Xx. § fz db iz >&m%& Mb to \*lffiin ^^tbZ . c^il 
®li — $:lcitf&fltfl? ( inverse kinematics) t Df li tl T v> S . fj ^. t£ 6 $i<?> a # v h t)*3b 
&t-?Z>t. 10ft*6o$,^^T\ ff^MffK 8iS<7>WfflK ^C^WffK ^M<?> WffJ#jb*f5T 

zfi t izjxtuzmuco^m^&m. • ~^m^ h%^m<^^\tv,n e 1 — 0 6 $> 

Z>o & Ml cot ? * ^ 3i - ? li 0 K - 9 X&Z bltm^-f . ')-7t-?f^)IS|7^f 

» ic t i t ^ s f 7 ^ if i ^ f t ^ -s „ it^^^ii. n # v v mcommcomz t izm 

iliccoT-. ft « co a if, v V ^ lc r> \^ X flS SO lc ^ % ffl ig L T 4? < . 
[ 0 2 4 8 ] 

(e) ttJ^S^lc «k -5 ^-fit- 9^i^co^n (02 8. S 6 ) 

mfrW}$nrz&xm&\z^ziimmM*^ib. zn^^^^- 9 cmm-r ? * 9 

[ 0 2 4 9 ] 

±ie x (a)&v (b) i$mn$i%^)mx& *> . -mfinn uwcem. »£<**i 

[ 0 2 5 0 ] 

±se<7)^T<^g+S^ . MftlJimg^T-ff 7 3 t t DTrllT-^ *) . £>§iMi. (a)^V( 
b) ^gijco =1 y v =l - 9 (ffffft) tcJ: *) If I&^k/E LTfe§ , ^<^ft*ft^ 7 > - y * 
^iCffifiJii^glcK 0 jA^. (c)-(e)^ifI§iIMKIflT-ft7:HT'§5. 
[ 0 2 5 1 ] 



( 2 ) N C^g^ C N C fig 

n > - - 9 t n c mu t s n*: c n c mw.*i$.m-t zmtnz-? i^nt§. 

(a) jsfei^NCHBSffluSS^ 

^Bt 3 tlT & . f tllcJILT, Ifi^CNCillSTii, 77 ^> r^lf 7 n> 

-?t±NCf|glcftM£tiT. — ^ft^tltt^kftoTv^. 
[ 0 2 5 2 ] 

* -f . ifu % 8ii<?)NC^iatfflv^i|^lcov^T. 3 iX7C ? n vM h* ic «k * » 
§P7? i^tlHi" -5 o c^Jt ^-. ? p y ^ K t - ? tti L li ? p V K a- 7 > - ? $ 
fflv^t^t L, G 3 - H CO rfJ ic ? a V >f H <7> 7 * - v V t^#t £ o C tl It M It . 
iX co =k 7 & <b Ti> S o 
[ 0 2 5 3 ] 

G *fc ^ 

AO, Al, A2, BO, Bl. B2, H 

G * * * li G 3— H <7>S-^*^-t. AO^Htt 3 #J7C * n v >f k «te r > > h <t> 7 
>-?^^f„ C <?> n — H ^Htf i" -5 ifu lz. IMliP 0 ^)fiIlc*Ti^. NC 

> - 9 ^ffl v^T . 8#Bf <^IMfig * 7c til M fi g <?"> 3£ t> ^ f+ S L TUff 

ts. rmmi ti^. ab#*n c^gfjj-eff ^liiif - ^T^Mft^K <* 

Bfafc*«b-?#>S fc*. * cofzdblz N C ^H"?ti . *>5a<?)?ll*'£^i:t5. Cn-HT'^ 
n V ^ft^l)" 5 C £: ic J: o T x fiS^<^NC^glC ? n V >f K ft jf$ * ffi A jA t? C i: ^HJ^ 

[ 0 2 5 4 ] 

(DCNC 7? it 

■7" a r ^ v <?> J# o n > ^ ~ - ? i:NC^Hi:<7>-#fl:3*ifcCNC^H*>#£- 

ICov^TI^So 3 ^Jf^-. ? a V >f hMC $ *t & If £<7>&ft0) ^- H T?ff t> tl S *Mi 
H tc ft <b 4 |j 7c . T'-^^I^il^Xf- HtfS^^tno^^, 
[ 0 2 5 5 ] 

— H£ ic. 3 7> 7° a 7 7 v lz It s * tl f tl <t> * lc iS L 7c ? a v K <^ ^ => > - ? % y£ ^ 
5 Uti*. 3 ft* Til^J tin. it f$ 7> ^ ic . #ijxti. < o*^iIS3 

ft * 4 x. T . 3ti^<7>*^MStcii£>#^ ^ftft,^*tPSi-£ 7n 77 A ( @ ffej&fll 
ffiffl) t # litis. /jnli^f i: ^5llfi»^ft£7'p 77 A (ufc «> § C AM 

) «b#*ft5 - t fc*#v*„ 
[ 0 2 5 6 ] 

( 3 ) 3 Kit? a V >f H ffim*fflv^fc8C«ftiJ8P^^<7>!|f gC 
3 ?n'MH ffiP^ffli^Tcl&flftiJim^lc ii . =fc 7 ft ftl >b* & o 
[ 0 2 5 7 ] 

(a) tt^cry «k 7 ic. ffiifi ^ ^ ^> ^ ft<6j|% ^ 7 > - ? fc LT^3^$ tiTv^ § 

J^^^ ti7c#©iMSicWJ^i-S^fftiiJP'lii3^^^i-S c t **{±i*So ftilta 

> - 9 \Z J: ^^^.^tlTv^S X7'7 -f > [ft H ft £ ' <J0 f&<?) ft m X' It . WW] 

[ 0 2 5 8 ] 

3 tl * S lc . 02 9tc^2ti£Jc7[c. x 7° 7 >f > ft ifi R ( t) T-^m $ tl S tfift 

^tltiltSU, Ifif ^8It^)IIwi|iA S tJ t) . 54^^?5cttti^ra 

i:^i»Ifc^lc|l8ftt« ! t^?l±4v^-?, J* 3a m ®L <r> m <t& A t It it lz it ^ * 3 
tttTJl4v>. R 0 + AS = R ( t o+A t) ^)^«*v^T A t *^«>4{t*itt, 
tlffit^: h<)»T'§^i^T\ S5r m m Mm lz z co If n * ** 3g 5 ft it tl it ft ^ ft 



d t \Z £ -5 o 
[ 0 2 5 9 ] 

(b) V/Kit 9 a V A H ft^TMi. til » j| tc jrt i" § ft * <^ ^ ft^ ft 7? , i&M® \z-fex 3b 

^^'Srv^iJP'li^ t z t ;b*ai!ff£ ti-So -®.co irT-li. ftMX^r 

^10 • ftOPf -5 c t « Bi?J> £ . 
[ 0 2 6 0 ] 

(c) 3 Kit ? a V K \&mi$. *<7>mft%M&£ LT, ii.«L P3 # . 4£ ft & ir £ # 

ilt £ 3 £ **tii*^.„ 
[ 0 2 6 1 ] 

(d) 3^tu ?n'MH ft *ft li ffi ^ $i ^ i: ►) 7? lc J: h g . x, y, zfiTft 
IA»i^^i*wNCglT'tt, #0*. - * %f5|-#>kHlgt+TflnI-* £ t B \z. n - t 
co SX *) ft It 7j tc J; o X It . n a6 <r> ffl £ fin X L ^ "t ^ o tz *) . MX Hz < -o fz *) ~t Z> z h 
h*3b& 0 3iX7C^o V ^ FftiT'tt, ft Jj$ \Z J: o T <b ft £ <7> X. & db <r> ffl ^ 1]W 

[ 0 2 6 2 ] 

fl "7 - ? <^f^f^^;^^ n M~t z>-fu r =, u& n y tr ^ - ? Tllff -5 Pgic it . u > tf ^ - 

tn-F LTHtfts. f^i74^n^7i,a, c d - r o m w^^smmmum 

frlc^n /7i,§^iLT^MLfc 0 . ^ -y h "7 - ? % ^ L X tf^c 3 n > tf ^ - 9 co 
tZ&W. W. iz few L T § . ^ -y N -7 — ? ^ a i: T ffc<7> 3 > t° a. - y lc ilf ^ Z t «t § 
S. -f<^ «k 7 tc 7'n AlC =k §ffS*olH (3 /TvTU ^ a V -f K ft ifift <7> ft *ft ^ 7 > 

- 9 . ?<7>3£ft^;u x^)^ CD-R 0 M^^Hjj^syieii^fr iz mm LT^St 

[^^X^fiJfflHTftltt] 
[ 0 2 6 3 ] 

*I£BH<7> 3 /yvTC ? n v ^( h' ftflUc J: tittx IliDn^lI+^llc^f i: ^ 5^raft*6<7> 

[Elffi^ffim'Srl^BH] 
[ 0 2 6 4 ] 

[01] x. ylil^)2lX7C^ny ^ Fftl^^tH. 

[02] 2iX7E^n V ^ Hftit^tH. 

[0 3] 3iX7U^n'M Kfti^)a, 

[04] AMKl 3 Kit 9 a V >f H ffii^itt^tio 

[05] g 2 mm%mmm&ft-$:^~tm« 

[0 6] g»fffi<olt4^t0. 

[0 7] ^ a V >f H SiM<^^vi^iStti<^*^*^-tl3. 

[0 8] G 2 jgM fc «k 7 =5r*fr^iS^-t fflra^¥vi<50ifi£n<?>«lS^^ 
t0. 

[0 9] ^Pj, P 2 . P3<^>3iX7U^ c V Fiit^tH, 
[010] r =4<7>3D Discrete Clothoid Sp 1 i n e s % 5jk i" 0 „ 
[0 1 1] 3D Discrete Clothoid Splines^f£Bfli--£,0 o 
[0 1 2 ] fflP^lc J: *) Xi^^ ti/i3/yv7U ^ a v K 



[016] nisicffifflfcff-Dfc*e*fc^-*ei. 

[0 17] &ttJfc*>%j&^<b<?>»tm*l t ft*<?>M#^ 7^ 7 0 

[0 18] *ra^JcUttS«^ftiJiSBJ^^-tl3o 

[0 19] M • 3^7U * n V >f H £ fl! V * *t W <*> ft£ tt<7> « 

?*^i"0o 

[0 2 0] r = 4^3D Discrete Clothoid Sp 1 i n e s % ^i" 0 „ 

[021] 3 *l Tz # =f > * ^"t 0 . 

[0 2 2] ^Pj, P 2 - P3^3^7U ? n V >f K ffiit^t0, 

[0 2 3] tlfcttJjft i: # V =f > i: 

[0 2 4] ^ttf AL t0o 

[0 2 5] ftWl £ ftfc3iX7C 7 a v -f H fti^^tH. 

[0 2 6] 4^$tltftit^t0o 

[0 2 7] ^ft^M^^MMs mm K <7>M^*^-t 77 7 0 

[0 2 8 3 ^mmm^^^^-txnm, 

[0 2 9 3 ^ ^ 4 > Eft!t^^-tJ:blX0o 
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